Patterns of comorbidity among persons with human immunodeficiency virus (HIV) are not well described. We compared comorbidity among veterans with and without HIV infection. The sample consisted of 33,420 HIV-infected veterans and 66,840 HIV-uninfected veterans. We identified and clustered 11 comorbid conditions using validated International Classification of Diseases, 9th Revision, Clinical Modification codes. We defined multimorbidity as the presence of conditions in all clusters. Models restricted to HIV-infected veterans were adjusted for CD4 cell count and viral load. Comorbidity was common (prevalence, 60%-63%), and prevalence varied by HIV status. Differences remained when the veterans were stratified by age. In multivariable analyses, older HIV-infected veterans were more likely to have substance use disorder and multimorbidity. Renal, vascular, and pulmonary diseases were associated with CD4 cell count <200 cells/mm 3
associates of HIV infection and treatment [2] [3] [4] [5] [11] [12] [13] . The first step in addressing this question is to compare patterns of comorbidity in a sample of HIV-infected individuals with patterns of comorbidity in HIV-uninfected individuals who are similar to those with HIV infection [4] . Because age, race, ethnicity, sex, and economic resources are established factors in determining the prevalence of comorbidity, the HIV-uninfected comparison group must be demographically similar to the HIV-infected group.
Several other factors may be important. We have previously revealed that comorbidity associated with HIV infection tends to cluster into the 3 following categories: medical disease, substance use disorders, and psychiatric disorders [3] . It may also be helpful to know the degree to which comorbidity is associated with markers of HIV disease severity (CD4 cell count and HIV-1 load).
Limitations in prior publications considering patterns of comorbidity associated with HIV infection include small sample size, lack of a demographically similar HIV-uninfected comparison sample, and limited representation of people of color and older individuals [8, 14, 15] . The Veterans Aging Cohort Study (VACS) virtual cohort (n = 100,260) includes a 2:1 age-, sex-, and race-matched comparison sample of veterans receiving care during the same year as the index HIV-infected veterans [16] . People of color constitute over one-half of the sample, and nearly one-third of the sample is >50 years of age [16] . We used the VACS virtual cohort to determine how patterns of comorbidity vary by HIV status, comorbidity cluster, age, and markers of HIV severity (CD4 cell count and HIV-1 load).
METHODS

Sample
The VACS virtual cohort is described in detail elsewhere [16] . To construct the VACS virtual cohort, we adapted an algorithm used by Fasciano et al. [17] to identify HIV-infected veterans using Veterans Affairs (VA) electronic medical records from VA fiscal years 1997 through 2004. Our program searched for the following International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) [18] diagnosis codes in VA administrative records at the Austin Automation Center (Austin, TX): AIDS (042), asymptomatic HIV (V08), and related Diagnostic-Related Group codes (488-490). Both the inpatient and outpatient files were searched. We have demonstrated that this algorithm correctly identifies 100% (sensitivity) of the veterans receiving HIV care. The specificity is 96.1%, the positive predictive value is 97.2%, and the negative predictive value is 100% [16] .
ICD-9-CM codes for comorbid conditions were extracted from the files in a similar manner. The ICD-9-CM code groupings used for each comorbid medical condition have been described in detail elsewhere [19] and were built on the work of Deyo et. al. [20] , Elixhauser et. al. [21] , and the Clinical Classifications Software developed by the Agency for Healthcare Research and Quality. We previously conducted an extensive chart review to determine the accuracy of code groupings among veterans receiving care using data collected as part of the Veterans Aging Cohort 3 Site Study. Among a sample of 876 veterans, the specificity of the codes selected for individual medical conditions (e.g., diabetes) ranged from 92% to 99% [19] . The classification of substance abuse and psychiatric disorders from ICD-9-CM codes was based on the methods of Druss and Rosenheck [22] .
To avoid overly complex tables, we considered medical diagnoses by organ system. Vascular disease included myocardial infarction, coronary artery disease, stroke, and peripheral vascular disease. Pulmonary disease included chronic obstructive pulmonary disease, pulmonary hypertension, asthma, bronchiectasis, alveolitis, pneumoconiosis, and interstitial and/or fibrotic lung diseases. Liver disease included end-stage liver disease, decompensated liver disease, and hepatitis B and C viruses. Renal disease included renal insufficiency, renal failure, and glomerulonephritis. We also formed larger clusters, including all medical diseases, substance disorders, and psychiatric disorders on the basis of previous work [3] . This addressed the problem of the covariance among related conditions (e.g., alcohol and drug use). For these analyses, we defined multimorbidity as the presence of a comorbid condition in all 3 clusters.
HIV-uninfected comparison sample
After we identified the HIV-infected veterans, we identified HIV-uninfected veterans for comparison. Each identified HIV-infected index patient was matched to 2 HIV-uninfected control subjects on the basis of the index patient sex, age (5-year intervals), race and ethnicity (black, white, Hispanic [either black or white], and other), and geographic location. Control subjects could not have any HIV-related diagnostic codes. Control subjects were required to have had an inpatient stay or outpatient visit during the same fiscal year and in the same geographic region as the corresponding HIV-infected patient.
The development of our cohort was approved by the institutional review boards of the VA Connecticut Healthcare System and Yale University School of Medicine and was granted a waiver of informed consent. The project was Health Insurance Portability and Accountability Act compliant.
Statistical analyses
We calculated the prevalence of comorbid conditions on the basis of the observed proportion of veterans with that condition among the total sample and stratified by HIV-infection status. The χ 2 test was used to assess the association between dichotomous variables, and Student's t test was used to compare differences of continuous variables between the groups.
We performed 2 steps to ensure that we only emphasized differences that were both clinically and statistically important. First, we rounded all percentages to whole percentages. Second, we mentioned only those results that were both statistically significant and reflected at least 2% absolute difference (e.g., 38% vs. 36%) or a 2-fold difference in overall proportions (e.g., 1% vs. 2%). Logistic regression was used to calculate age-adjusted (with age >50 years coded 0/1), race-adjusted (with black race coded 0/1), and sex-adjusted ORs for each comorbid condition and cluster comparing HIV-uninfected veterans with HIVinfected veterans. In the overall model, an interaction term was included for HIV infection and age >50 years. We also ran a series of regressions restricted to HIV-infected veterans, including CD4 cell count (with a CD4 cell count <200 cells/mm 3 coded 0/1) and detectable viral load (with a viral load >500 copies/mL, coded 0/1). Statistical significance for all tests was defined as a 2-tailed P value <.05. All analyses were performed using SAS, version 9.1 (SAS Institute).
RESULTS
The VACS virtual cohort consisted of 33,420 HIV-infected veterans receiving care from VA fiscal years 1997 through 2004. These veterans were matched to 66,840 HIV-uninfected veterans.
Demographic matching was successful; there were no significant differences in race, sex, or age by HIV status (P > .2) (table 1). Overall, 60% of the study population were people of color (51% were black, and 9% were Hispanic), 98% were male, and the median age was 45 years. Thirty-one percent were >50 years of age. Veterans with medical comorbidity were more likely to be black (54%) and older (median age, 49 years). Veterans with substance use disorders were more likely to be black (62%) and somewhat younger (median age, 44 years). Veterans with psychiatric disorders were more likely to be white and somewhat older (median age, 46 years).
Stratified results
The majority of HIV-uninfected and HIV-infected veterans had at least 1 comorbid condition (63% and 60%, respectively; P < .001) (table 2). In both groups, medical comorbidity was the most common problem, and it was more common among HIVuninfected veterans than among HIV-infected veterans (44% vs. 39%, P < .001). Medical conditions that varied by HIV status included hypertension (31% among HIV-uninfected veterans vs. 20% among HIV-infected veterans; P < .001), diabetes (13% vs. 8%; P < .001), vascular disease (10% vs. 6%; P < .001), liver disease (3% vs. 13%; P < .001), and renal disease (1% vs. 3%; P < .001). Substance use and psychiatric disorder also varied between HIV-uninfected and HIV-infected veterans. Substance use disorders were more common among HIV-infected veterans than among HIV-uninfected veterans (27% vs. 22%; P < . 001). Psychiatric disorders were more common among HIV-uninfected veterans than among HIV-infected veterans (22% vs. 18%; P < .001).
When the study population was stratified by disease cluster and HIV status, differences in comorbidity by HIV status remained (table 2) . Among HIV-uninfected and HIV-infected veterans with a medical comorbidity, hypertension, diabetes, vascular disease, alcohol abuse and dependence, and posttraumatic stress disorder were more common among HIVuninfected veterans than among HIV-infected veterans (P < .001). Liver disease (32% vs. 8%; P < .001), renal disease (7% vs. 3%; P < .001), drug abuse and dependence (26% vs. 13%; P < .001), major depression (14% vs. 12%; P < .001), and multimorbidity (14% vs. 10%; P < .001) were more common among HIV-infected veterans than among HIVuninfected veterans.
Among both HIV-uninfected and HIV-infected veterans with substance use disorders, alcohol abuse and dependence (82% and 72%, respectively; P < .001) (table 2) and drug abuse and dependence (67% and 78%, respectively; P < .001) were common and frequently co-occurred (51% and 50%, respectively; P < .001) (data not otherwise shown). Among veterans with substance use disorders, medical disease was more common among veterans with HIV infection (51% vs. 45%; P < .001), psychiatric disorders were more common among HIV-uninfected veterans (43% vs. 37%; P < .001), and multimorbidity was common in both groups (20% among HIV-infected veterans and 21% among HIV-uninfected veterans; P = .3).
Among HIV-uninfected and HIV-infected veterans with psychiatric disorders, major depression or bipolar disease was more common among HIV-infected veterans than among HIV-uninfected veterans (67% vs. 52%; P < .001) (table 2). Schizophrenia (39% vs. 28%; P < .001) and posttraumatic stress disorder (39% vs. 31%; P < .001) were more common among HIV-uninfected veterans than among HIV-infected veterans. Both medical disease (49% vs. 46%; P < .001) and substance use disorders (56% vs. 42%; P < .001) were more common among veterans with HIV infection. Among those with a psychiatric disorder, multimorbidity was more common among HIV-infected veterans than among HIVuninfected veterans (30% vs. 20%; P < .001).
When disease prevalence was considered by HIV status and age, differences by HIV status remained (P < .001, for most conditions and clusters in most age categories) (table 3) . For conditions that tended to decrease in prevalence with age (i.e., substance use disorders, psychiatric disorders, and liver disease), veterans with HIV infection experienced a less pronounced decrease than did HIV-infected veterans. For conditions that tended to increase in prevalence with age (i.e., hypertension, diabetes, vascular disease, pulmonary disease, and renal disease), veterans with HIV infection experienced a more pronounced increase than did HIV-uninfected veterans. The proportion of HIV-uninfected and HIV-infected veterans with any comorbid disease increased with each decade. Nearly three-quarters of those aged ≥60 years had comorbidity (78% of HIV-uninfected veterans and 70% of HIV-infected veterans; P < .001). Multimorbidity was more common among HIV-infected veterans aged ≥50 years than among HIV-uninfected veterans aged ≥50 years (P < .001).
Multivariable results
In a series of multivariable logistic models of each of the 11 conditions and 3 clusters that were adjusted for race, ethnicity, sex, age, HIV status, and testing for a statistical interaction between HIV status and age, the stratified results were supported and extended (table 4) . HIV infection was associated with a lower odds of medical comorbidities, both individually and as a cluster, with the exceptions of liver disease (OR, 3.46; 95% CI, 3.25-3.68) and renal disease (OR, 2.11; 95% CI, 1.85-2.41). Age was associated with increased odds of medical comorbidities, both individually and as a cluster (P < .001). Furthermore, there was a statistically significant positive interaction between HIV status and age for diabetes (OR, 1.12; 95% CI, 1.02-1.23), vascular disease (OR, 1.12; 95% CI, 1.00-1.24), and liver disease (OR, 1.29; 95% CI, 1.16-1.44).
Despite the negative association between the substance use and psychiatric disorder clusters and age, both clusters demonstrated positive interactions between HIV status and older age. Overall, older HIV-infected veterans had higher odds of substance use disorder (OR, 1.28; 95% CI, 1.23-1.32) than did older HIV-uninfected veterans after adjustment for general effects of age, HIV, race, ethnicity, and sex. Similarly, older HIV-infected veterans had higher odds of psychiatric disorders (OR, 1.13; 95% CI, 1.05-1.22). Older veterans with HIV infection also had higher odds of multimorbidity (OR, 1.17; 95% CI, 1.02-1.33). Age was positively associated with all medical comorbidities, except liver disease (P < .001). Age was negatively associated with substance use and psychiatric disorders (P < .001).
HIV disease severity and medical comorbidity are positively associated, with 1 exceptionhypertension is associated with higher CD4 cell count (OR, 0.85; 95% CI, 0.78-0.92) ( 
DISCUSSION
Most HIV-uninfected and HIV-infected veterans have comorbid conditions. In bivariate analyses, the prevalence of conditions and clusters varied substantially by HIV status. Differences remained when patients were stratified by comorbid disease cluster and by age. In multivariable analyses, HIV-infected veterans had a lower risk of hypertension, diabetes, vascular disease, and psychiatric disorders. They had a higher risk of liver disease, renal disease, substance use disorder, and multimorbidity. Older HIV-infected veterans had higher odds of multimorbidity than did older HIV-uninfected veterans. Renal, vascular, and pulmonary diseases were associated with more-advanced HIV infection. Hypertension was associated with CD4 cell count >200 cells/mm 3 .
These analyses had unique strengths. First, although most studies have had limited power to consider an interaction between HIV status and older age, our analyses was powered to determine whether an important interaction exists. Secondly, we were able to compare and contrast the prevalence of these conditions between HIV-infected and demographically similar HIV-uninfected veterans. Even if veterans overall have more comorbidities, a demographically matched comparison of the patterns of comorbidity is likely to offer useful insight outside the VA. Third, our sample included a large number of people of color and older individuals. Finally, the VA system of care is a comprehensive system; 96% of veterans with HIV infection in the VACS reported receiving all of their antiretroviral medications from the VA [23] . HIV-infected and HIV-uninfected participants in VACS reported receiving 72% and 71% of their inpatient care and 84% and 83% of their outpatient care from the VA, respectively (data not shown).
These analyses have limitations. First, we did not prospectively screen patients for these diagnoses or conduct extensive medical chart review, because this would have been prohibitively expensive. Instead, we used ICD-9-CM diagnostic codes. In preparatory work, we revealed that the codes are specific but insensitive [19] . Although insensitive, the accuracy of the codes does not vary by HIV status. Specifically, multivariable analyses of comorbidity data reach similar results whether based on ICD-9-CM codes or on full chart review [19] . Nonetheless, the use of ICD-9-CM codes limited the comorbid conditions that we could study. Specifically, we did not consider tobacco abuse and dependence or anemia, because we found that these codes are neither sensitive, nor specific. Both conditions are clinically important and deserve careful evaluation [24, 25] .
Second, we did not consider HIV infection as a comorbid condition. If we had, the HIVinfected veterans would have inherently had more medical conditions, because they had HIV infection. As a result, our analyses were biased in favor of finding less comorbidities among veterans with HIV infection.
Third, many question the generalizability of VA data. Compared with Centers for Disease Control and Prevention statistics, our cohort underrepresents younger patients and women with HIV infection [23] . The VACS virtual cohort also had a higher mortality rate (4%) than that reported for many HIV cohorts (~2%) [26] . Although the generalizability of our results to younger patients and women is unknown, the higher mortality was likely because of the older age of patients in our cohort. Age is known to have a substantial impact on mortality associated with HIV infection [26] . Our work has demonstrated that age also has a major influence on the pattern of comorbid conditions observed. Furthermore, veterans with HIV infection are similar to many individuals with HIV infection in the United States. Similar to other persons with HIV infection, HIV-infected veterans are more likely to be people of color, to have contracted HIV infection via injection drug use or heterosexual exposure, and to be of lower socioeconomic status [4, 16, 23] . Although HIV-uninfected veterans receiving care have a greater prevalence of psychiatric and substance use problems than do HIVinfected nonveterans receiving care, these differences are not pronounced when comparing veteran with nonveteran cohorts of HIV-infected individuals [23, 27, 28] .
This study offers a unique glimpse into the future. Although our analyses were based on cross-sectional (rather than longitudinal) data, they suggest that patterns of comorbidity are different between aging HIV-infected veterans and demographically similar HIV-uninfected veterans. HIV infection is associated with a greater than expected risk of multimorbidity. It is noteworthy that the medical conditions associated with positive HIV status and age interactions (i.e., diabetes, vascular disease, and liver disease) are linked to antiretroviral toxicity [29, 30] . Longitudinal analyses of incident comorbid events are needed to further characterize the association between anti-retroviral exposure and comorbid disease.
The association between comorbid disease and markers of HIV progression (CD4 cell count and viral load) is interesting. Vascular and pulmonary diseases were associated with low CD4 cell count and detectable viral load. Renal disease was associated with low CD4 cell count. Thus, these medical comorbidities may be caused or exacerbated by HIV infection. As has been suggested by others, hypertension appears to be a result of toxicity due to treatment because of its association with high CD4 cell count [31] . Substance use and depression demonstrated an incongruent relationship between CD4 cell count and viral load. Each were associated with detectable viral load, likely because these conditions are associated with poor adherence [32] . They were also associated with higher CD4 cell count, which is consistent with prior observations that patients with psychiatric disorders are likely to be detected earlier in the course of HIV disease [33, 34] .
Taken together, our data demonstrate that aging veterans with HIV infection experience a substantial burden of comorbid disease and that the pattern of disease differs from the pattern experienced by HIV-uninfected veterans. It is well established that the risks and benefits of primary care depend on the prevalence of the condition, life expectancy, competing risk of death, susceptibility to injury, and effectiveness of treatment [5] . Because patterns of comorbidity differ between aging HIV-infected veterans and aging HIVuninfected veterans, guidelines developed for those without HIV infection may not apply. Primary care guidelines likely require adaptation for persons with HIV infection. Table 1 Demographic breakdown of the study population and major disease clusters. Prevalence of comorbidity by HIV status and disease cluster. .02
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